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1

CONCATENATED TRANSMISSION OF
SYNCHRONOUS DATA

FIELD OF THE INVENTION

This invention relates to methods and apparatus suitable
for the concatenation and transmaission of data over synchro-

nous data networks such as synchronous optical networks

(SONET) and synchronous digital hierarchy (SDH) net-
works.

BACKGROUND OF THE INVENTION

SONET/SDH networks have since their introduction 1n
the early 1990°s achieved widespread acceptance and wide-
spread usage. The networks transmit data by encoding the
data 1nto well defined frame structures, containing a header
and a payload, and then transmitting the data 1n the frame 1n
a predetermined serial fashion.

The ntroduction of the SONET/SDH standards has
allowed network operators to assume a reasonable degree of
interoperability between diflerent vendors and thus the stan-
dards are used almost exclusively for all fibre-based broad-
band networks. However, an operator may wish to operate a
network based on the SONET or SDH standards with several
geographically dispersed networks. For example, an opera-
tor may have a network covering a city (city A) which it
wishes to interconnect with a similar network covering a
distant second city (city B). For such an operator, the
provisioming of a dedicated SONET or SDH fibre link
between the two cities may be prohibitally expensive and/or
not Justifiable 1n terms of potential bandwidth usage.

A typical solution to this problem i1s to utilise the business
model of “bandwidth trading”. In this business model, the
operator approaches a third party (a bandwidth trader) to buy
bandwidth on a fibre link which already exists between the
two cities. The bandwidth trader may be a third party carrier,
leasing out excess capacity. Alternatively, the bandwidth
trader could be a dedicated broker of bandwidth, acting as an
intermediately between those operators with excess capacity
and those operators in need of extra capacity. In such an
instance, the fibre link which exists between the two cities/
geographically dispersed networks may not be owned by a
single operator, but may comprise sections of fibre owned by
different operators. In principle, this approach of bandwidth
trading should be effective. However, analysis shows that
there are drawbacks with the prior art implementations of
such an approach.

It 1s desirable that a connection between the different
geographically spaced networks 1s entirely transparent, so
that 1t appears as 11 the network elements 1n the two separate
regions are directly connected over fibre. Unfortunately,
present solutions do not optimally meet this need. SONET
and SDH do not offer complete transparency. They transport
the payload transparently across an individual network, but
the overhead (header information) 1s terminated at each node
in the network. In practice, many operators use “‘spare”
overhead bytes to perform critical proprietary tasks in their
system, which means that when an overhead 1s terminated at
the edge of that operator’s network, any proprietary infor-
mation that 1s carried 1s lost. Thus, for the above example in
which an operator has two geographically separated net-
works, connected by a diflerent vendors SONET (or SOH)
equivalent, neither separate network has tull visibility of the
other network as the spare overhead bytes utilised by the
operator will be terminated at the edge of the operator’s
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networks, and replaced by the overhead utilised by the
provider of the mtermediate link(s).

A prior art approach to this problem 1s to utilise a digital
wrapper. In such a scheme, the complete overhead and
payload from a first network 1s wrapped up as the payload
of the frame used for intermediate transmission, with an
additional overhead added for control of the intermediate
routing. Whilst retaining the complete original header and
payload information, this approach has the disadvantage that
the overall frame size 1s increased. Additionally, the channel
must be sent at the line rate even if that means lower
utilisation of the line bandwidth and higher average cost per
bit.

SDH/SONET signals are transmitted at standard line
rates. For example, an OC-192 or STM-64 signal 1s trans-
mitted at approximately 10 Gigabits per second, an OC-48
(or STM-16) signal at approximately 2.5 Gigabits per sec-
ond, an OC-12 (STM-4) at approximately 0.62 Gigabaits per
second and an OC-3 (STM-1) signal at 0.155 Gigabits per
second. These transmission rates are determined by the
transmission hardware, and so to increase a transmission
rate would require a substantial upgrade 1n network hard-
ware.

It can be desirable to transmit relatively high line rate
signals over lower bit rate transmission lines e.g. a 10
(Gigabit signal over a 2.5 Gigabit transmission line. Various
solutions have been proposed as to how this can be achieved,
with the common theme being that the higher bit rate signal
1s 1nverse multiplexed onto a concatenation of a number of
channels at the lower bit rate.

For instance, U.S. Pat. No. 5,710,650 (Dugan) teaches a
system 1n which a high data rate OC-192 signal 1s inverse
multiplexed nto four lower rate OC-48 signals which are
transported through respective parallel channels (optical
wavelengths). Such a concatenation scheme 1s termed a
contiguous concatenation scheme, as 1t requires that con-
tiguous wavelength channels are utilised.

Currently, many older networks exist that operate at
relatively low line rates. Unfortunately, only a limited num-
ber of such networks allow concatenation of signals to allow
higher line rates to be utilised, with the transmission of these
signals being point to point Additionally, many networks do
not mcorporate hardware within the network so as to allow
the transparent transmission of other vendors signals.

It Is an object of the present invention to overcome or at
least to mitigate the problems of the prior art.

SUMMARY OF THE INVENTION

In a first aspect the present invention provides a method
of preparing trailic for routing across an optical communi-
cations network, the method comprising the steps of: receiv-
ing at least one data signal, inverse multiplexing said
received data signal into multiple data streams, each data
stream being arranged for separate onward transmission
through the diflerent nodes of a communications network.

By preparing the traffic routing 1n this manner, the 1ndi-
vidual channels can be treated as individual signals and
passed and multiplexed separately through a communica-
tions network. This allows relatively large bandwidth signals
to be routed independently across different nodes of the
network (or even of different networks) making best pos-
sible use of the available channels. Additionally, due to the
granularity of the signals, hit-less switching can be achieved
1.¢. 1I the route of one channel goes down, the channel can
casily be switched to another route with the majority of the
channels being unaflected.
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Preferably, the method further comprises the step of
combining a plurality of recerved data signals into a high bit
rate signal, said high bit rate signal being inverse multi-
plexed.

The method eflectively combines virtual concatenation
with an optical cross-connect to facilitate bandwidth trading.
Virtual concatenation 1s used to map client bandwidth
including overhead data into the payloads of multiple
SONET/SDH transport channels maintaining overhead
transparency of the client channel. The optical cross-connect
assigns the multiple SONET/SDH transport channels to
availlable bandwidth from carriers, and can distribute the
multiple SONET/SDH payloads among multiple paths and a
plurality of carriers. At the recerving end, a similar optical
cross-connect redirects the multiple SONET/SDH payloads
into a single virtual concatenation re-assembly point.

According to another aspect of the invention there 1s
provided a method of transporting a multiplexed frame
based client signal comprising a payload and a client over-
head between first and second client networks over a plu-
rality of signal paths, the method comprising the steps of:
inverse multiplexing the client signal into a plurality of
lower rate signals each containing a respective payload and
client overhead; attaching a carrier overhead to each said
lower rate signal; transmitting the lower rate signals over the
plurality of paths from the first client network to the second
client network; and, at the second network, discarding the
carrier overhead from each lower rate signal, and reassem-
bling the lower rate signals so as to recover the client signal.

Any range ol one or more data signals can hence be
utilised 1n accordance with the present invention, including,
but not limited to SONET, SDH, Gigabit Ethernet, fibre
channel and Escon. Such signals can be mapped into the
payload of SONET or SDH in such a way that the original
format overhead and timing can be recovered as the receiver.

Preferably, the overhead of the received data signals 1s
retained within the multiple data streams.

In a second aspect the present mnvention provides a set of
virtually concatenated synchronous optical communications
signals, said signals being arranged for independent routing
across the nodes of an optical network.

In a third aspect the present invention provides a method
of receiving a set of virtually concatenated synchronous
optical communications signals, said signals being arranged
for independent routing across an optical network and
contaiming an original data signal, the method comprising
the steps of recerving said signals, and recreating the original
data signal from said concatenated signals.

According to another aspect of the invention there 1s
provided A method of transporting a multiplexed frame
based client signal comprising a payload and a client over-
head between first and second client networks over a plu-
rality of signal paths, the method comprising the steps of;
inverse multiplexing the client signal mto a plurality of
lower rate signals each containing a respective payload and
client overhead; attaching a carnier overhead to each said
lower rate signal; transmitting the lower rate signals over the
plurality of paths from the first client network to the second
client network; and at the second network, discarding the
carrier overhead from each lower rate signal, and reassem-
bling the lower rate signals so as to recover the client signal.

As the signals are processed to allow independent routing
across the whole optical network, only a single reassembly
step 1s required at the destination point of the concatenated
signal, rather than at each node within the network.

Preferably, a photonic switch connected to the commu-
nications network, and arranged to at least one of: switch
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outgoing virtually concatenated signals between difierent
channels of at least one communications network; and
switch imncoming virtually concatenated signals from differ-
ent channels of at least one communications network to a
unmit arranged to multiplex said concatenated channels.

The optical cross-connect can thus be used to assign the
multiple SONET/SDH transport channels to available band-
width from one or more different carriers. If necessary,
individual channels can be sent along separate paths, or
indeed over multiple paths in different networks.

Preferably, the node further comprises bullering means
for buflering the concatenated signals, such that any difler-
ence 1n transmission times for the individual signals can be
equalised.

In a further aspect the present invention provides a
method of providing a bandwidth trading service to an
operator, the method comprising the step of selling virtually
concatenated synchronous optical channels to a customer,
the individual channels being arranged for separate onward
transmission through different nodes of a communications
network.

In a further embodiment, a method and apparatus suitable
for improving the liquidity of the service provided for
Bandwidth Trading are provided The method includes the
Bandwidth Trader utilising virtual concatenation of synchro-
nous optical channels, such that transparent transmission of
a customers signals over any variety of intermediate net-
works can be achieved, without requiring that the interme-
diate networks support virtual concatenation.

By utilising such a concatenation scheme, the commodity
being sold by the bandwidth trader (1.e. available bandwidth)
1s made as liquid as possible. The commodity may be
utilised 1n the smallest possible units (1.e. line rates), with
such units being combinable with units of similar or greater
s1ze to provide any overall unit desired by the customer,
making most eflective use of all available channels 1rrespec-
tive of whether they exist on the same or different interme-
diate networks.

Preferably, the method further comprises the steps of:
receiving a data signal sent by an operator; mverse multi-
plexing the received signal into said virtually concatenated
channels; transmitting the concatenated channels across at
least one network, said network comprising a number of
nodes; receiving the concatenated channels at a single node;
and recreating the data signal from said received concat-
enated channels.

Preferably, at least one concatenated channel takes a
different route across the network than the other concat-
enated channels.

"y

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects and features of the present invention waill
become apparent to those ordinary skilled in the art upon a
review of the following description of the specific embodi-
ment of the invention 1n conjunction with the accompanying
drawings in which:

FIG. 1 1s a schematic diagram of two physically separated
synchronous networks interconnected by two different inter-
mediate networks.

FIG. 2 illustrates the wvirtual concatenation process
employed 1n the network of FIG. 1

FIG. 3 shows the transmission process in more detail;

FIG. 4 1s a schematic diagram of a photonic switch
employed 1n the network arrangement of FIG. 1; and

FIG. 5 shows the construction of a bandwidth trading hub.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

As shown i FIG. 1, two synchronous, e.g. OC192
networks 10A, 10B owned by the same client are physically
separated. A physical path 1s provided between the client
networks 10q, 105 via a first metro network 11a, one or more
long haul networks 12a, 126 and a second metro network
1156. The intermediate networks 11, 12 operate at a lower line
rate than the networks 10a, 106 (1.e. at OC12 rather than
OC192). By providing a first virtual concatenation adapter
13a to the client network 10a, and a second virtual concat-
enations adapter 135 connected to the client network 105,
the two networks 10a, 105 can be transparently connected
using the intermediate networks eflectively providing a
virtual OC912/STM64 connection 14.

FIG. 2 1llustrates the virtual concatenation process. The
client signal 20 (e.g. an OCM192/STM64 signal) compris-
ing a payload 21 and a client overhead 22 is segmented into
seventeen lower rate (e.g. OC12/STM4) channels each com-
prising a respective payload 210 and client overhead 220.
cach of these lower rate signals 1s then provided with a
respective carrier overhead 230 for transmission over the
carrier network to which that particular signal has been
allocated. It will be appreciated that, for the purposes of
transmission over the carrier network, the client overhead 1s
treated as part of the payload and 1s thus transported trans-
parently from end to end. At the receiving end, the carrier
overhead 1s discarded and the client signal, including the
client overhead, i1s reassembled. The reassembly process
requires buflering to compensate for the path length differ-
ences and a knowledge of which channels are being reas-
sembled.

The provision of this transparent virtual connection
between the client networks enables both networks to be
managed as a single entity.

Referring now to FIG. 3, this illustrates the virtual con-
catenation and transmission process 1 more detail, Fach
virtual concatenation adapter 13 includes a photonic switch,
in the form of an optical cross connect 34 (FIG. 4) with an
clectrical core 35. Such a switch can, once the original signal
from the respected network e.g. 10a has been placed nto
lower bit rate virtually concatenated channels, be used to
distribute the diflerent channels (comprising multiple
SONET/SDH payloads) along multiple paths 301, 302 and
multiple carriers. Although FIG. 3 shows only two such
paths, it will be appreciated that a wider choice of paths and
carriers will generally be available. The equivalent optical
cross connect at the virtual concatenation adapter 135 1s then
used to redirect the multiple SONET/SDH payloads into a
single virtual concatenation reassembly point, for reassem-
bly and passing to the other network 105.

Virtual concatenation 1s defined by I'TU standard G707.
Such a scheme 1s used to divide the higher line rate SONET/
SDH signal into multiple SONET/SDH concatenated signals
of lower bandwidth. As discussed above, STM64/0C192
can be bundled into seventeen STM4/0OC12 channels. By
utilizing the cross connects within the virtual concatenation
adapters, such lower line rate channels may be utilized even
if they are non adjacent, and can be along different paths. In
the example shown 1n figure 3, six channels are transmitted
from node 3044 via node 304¢ to node 3045, whilst eleven
channels are transmitted directly from node 304a to node
3045. At each of these nodes, the carrier overhead will be
stripped ofl and replaced, but the client overhead is treated
as payload and thus remains intact. "

T'he photonic cross
connects thus allow a potential for traflic balancing across
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the diflerent routes within the intermediate networks, and
also for maximizing the available line utilization. This
reduces the requirement for grooming, and can be used to
avoild disruption of live traflic that 1s already being trans-
mitted on any given route.

Referring again to FIG. 4, this shows the functionality of
the virtual concatenation adapter. The client STM64/0C192
signal 1s mput on path 30 via receiver 31 to inverse multi-
plexer 32 which segments the signal e.g. mto seventeen
STM4/0C12 signals. The segmented signals are then fed via
respective transmitters 33 to the switch matrix 34 which
routes each signal on to the appropriate output path 301, 302.
In the reverse direction, the incoming segmented traflic 1s
routed via the switch 34 and receivers 36 to a bufler and
reassembly unit 37. The carrier overhead 1s discarded prior
to the reassembly process so that the recovered client signal
includes the original client overhead which has been eflec-
tively transported as payload.

The segmentation and reassembly of the client STM64/
OC192 signal may be performed under the control of
soltware 1n machine readable form on a storage medium.

In a further embodiment, as 1illustrated in FIG. 5, the
virtual concatenation adapters 1s a, 135 can each take the
form of a bandwidth trading hub which comprises a tlexible
inverse multiplexer 51 coupled via transmitters 33 to the
photonic switch 34. Such a hub can be used to connect client
bandwidth requirements ol multiple service types (e.g.
SONET/SDH, Gigabit Ethernet, Fibrechannel, Escon for-
mats etc) to multiple carriers, preferably into SONET or
SDH payloads 1n such a way as to preserve format overhead
and timing which 1s recoverable at the far end. Virtual
concatenation (as described by ITU G707) or arbitrary
concatenation can be used to divide the SONET/SDH con-
catenated signal into multiple SONET/SDH concatenated
signals of lower bandwidth. In the bandwidth trading hub
arrangement of FIG. 5, the pipes can be variable and there
1s an opportunity to select which network routes are used on
the basis of cost. In the preferred embodiment, the signal 1s
transmitted at the smallest possible granularity, 1.e. the
lowest common denominator of line rates, along the difler-
ent paths. It can be used to provide a uniform and complete
SONET/SDH overhead ftransparency 1independent of
SONET/SDH equipment transparency schemes that may
exist in the intermediate networks. It can thus provide
tolerance to multiple carrier line rates including line rates
less than the desired service data rate for the customer,
tolerance to the carrier ability to TDM multiplex the client
bandwidth for greater bandwidth ethiciency. The trading
code can thus produce to in parallel and/or sequentially
stitched together bandwidth of a uniform granularity (e.g.
line rate) from multiple carriers and so provide a uniform
unmit of bandwidth within the carrier independent of client
service requirements and means of service performance
monitoring

Thus a bandwidth trader utilising virtual concatenation of
synchronous optical channels, allows the transparent trans-
mission of a customer signal over any variety of interme-
diate networks to be achieved, without requiring that the
intermediate networks support virtual concatenation

An arbitrary level of improved resiliency to failure can be
achieved by providing a 1:N sparing arrangement. If for
example four diversely routed primary 2.5 Gbps channels
are concatenated to form a 10 Gbps channel, one more 2.5
Gps channel can be provided to protect against a single
tailure. This provides a useful level of protection for much
lower cost than having a spare 10 Gbps connection. Alter-
nately, a hitless protection scheme can be provided 1n which

(L)L
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one or more channels cover each of the individual channels
with the virtual concatenation adapter providing the syn-
chronisation and control. This also allows the improvement
of BER, as any frames discarded from one link can generally
be obtained from 1ts spare.

I a packet link between 1s carried between the adapters,
c.g. a 10 Gbps Ethernet access port, this would allow the
expansion and contraction of the amount of capacity allo-
cated to that link on demand. E.g. during the daytime,
8xSTM-4s could be concatenated to give -5 Gbps whereas
during nighttime, seven of them could be turned off (by the
end user) without breaking connectivity. The end applica-
tions don’t need to be adjusted as they will just see 1t as a
more congested link and back off theirr own usage. In a
bandwidth market scenario, where payment 1s costed per
minute, this 1s more valuable than 1n the usual situation 1n
which capacity 1s being saved on one operator’s network.

It will be understood that the above description of a
preferred embodiment 1s given by way of example only and
that various modifications may be made by those skilled in
the art without departing from the spirit and scope of the

invention.

The 1nvention claimed 1s:
1. A method of transporting a client data signal i a
plurality of lower bit rate carrier paths across an optical

communication network, the method comprising the steps
of:

receiving at least one client data signal;

segmenting said recerved client data signal into a plurality
of lower bit rate data signals, each lower bit rate data
signal comprising a portion of payload and a portion of
client overhead of the client data signal, said segment-
ing comprising inverse multiplexing said client data
signal 1nto said plurality of lower bit rate data signals;

attaching to each of said lower bit rate data signals carrier
overhead:

transmitting the plurality of lower bit rate signals over

said plurality of carrier paths;

discarding the carrier overhead from each of said plurality

of lower bit rate signals; and

reassembling the plurality of lower bit rate signals so as

to recover the client signal, said reassembling compris-
ing multiplexing said plurality of lower bit rate data
signals to recover said client data signal;

wherein the method comprises preparing said client data

signal for transmission from a first network of a client
operator to a second network of said client operator
across a plurality of lower bit rate paths of an indepen-
dently operated carrier network.

2. The method as claimed 1n claim 1, wherein said client
data signal and said plurality of lower bit rate data signals
are synchronous data signals.

3. The method as claimed in claim 1, wherein the client
data signal 1s a multiplexed frame based signal.

4. The method as claimed in claim 3, wherein the client
data signal 1s a SONET/SDH signal.

5. The method as claimed in claim 1, wherein the step of
segmenting comprises inverse multiplexing said client data
signal 1mto a set of virtually concatenated synchronous
optical commumnication signals.

6. The method as claimed 1n claim 35, wherein the step of
inverse multiplexing said client data signal into a set of
virtually concatenated synchronous optical communication
signals comprises photonically switching outgoing virtually
concatenated signals between the plurality of lower bit rate
carrier paths in the optical communication network.
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7. The method as claimed 1n claim §, further comprising
buflering the set of virtually concatenated synchronous
optical communication signals such that any difference 1n
transmission times for the individual signals can be equal-
1zed.

8. The method of claim 1, wherein the plurality of lower
bit rate data signals are independently routed across the
carrier network.

9. A method of preparing a client data signal to be
transported 1n a plurality of lower bit rate carrier paths across
an optical communication network, the method comprising
the steps of:

recerving said at least one client data signal;

segmenting said received client data signal into a plurality

of lower bit rate data signals, each lower bit rate data
signal comprising a portion of payload and a portion of
client overhead of the client data signal, said segment-
ing comprising inverse multiplexing said client data
signal 1nto said plurality of lower bit rate data signals;
and

attaching to each of said lower bit rate data signals carrier

overhead;

wherein the method comprises preparing a client data

signal for transmission from a first network of a client
operator to a second network of said client operator
across a plurality of lower bit rate paths of an indepen-
dently operated carrier network.

10. A method of recovering a client data signal transported
in a plurality of lower bit rate carrier paths across an optical
communication network, the method comprising the steps
of:

recerving said plurality of lower bit rate data signals, each

lower bit rate data signal comprising a portion of
payload and a portion of client overhead of the client
data signal and having carrier overhead attached
thereto;

discarding the carrier overhead from each of said plurality

of lower bit rate signals; and

reassembling the plurality of lower bit rate signals so as

to recover the client signal, said reassembling compris-
ing multiplexing said plurality of lower bit rate data
signals to recover said client data signal;

wherein said client data signal i1s received from a first

network of a client operator at a second network of said
client operator having been transmitted across a plu-
rality of lower bit rate paths of an independently
operated carrier network.

11. An optical communication network for transporting a
client data signal 1n a plurality of lower bit rate carrier paths
across the network, the network comprising:

a first node for receiving said at least one client data
signal;

inverse multiplexing means at said first node for segment-
ing said received client data signal into a plurality of
lower bit rate data signals, each lower bit rate data
signal comprising a portion of payload and a portion of
client overhead of the client data signal, said segment-
ing comprising mverse multiplexing said client data
signal into said plurality of lower bit rate data signals,
said node being arranged to attach to each of said lower
bit rate data signals carrier overhead;

a plurality of carrier paths for transporting said plurality
of lower bit rate signals;

a second node for recerving said plurality of tower bit rate
signals and discarding the carrier overhead from each
of said plurality of lower bit rate signals; and
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multiplexing means at said second node for reassembling
the plurality of lower bit rate signals so as to recover the
client signal, said reassembling comprising multiplex-
ing said plurality of lower bit rate data signals to
recover said client data signal;

wherein said first node comprises a node 1n a first network

of a client operator, said second node comprises a node
in a second network of said client operator and said first
and second networks are connected by an i1ndepen-
dently operated carrier network which comprises the
plurality of lower bit rate paths for transporting said
plurality of lower bit rate signals.

12. The network as claimed in claim 11, wherein said
network 1s a synchronous data network.

13. The network as claimed in claim 11, wherein the
network 1s a multiplexed frame based network.

14. The network as claimed in claim 13, wherein the
network 1s a SONET/SDH network.

15. The network as claimed 1in claim 11, wherein the
inverse multiplexing means 1s arranged to 1inverse multiplex
said client data signal into a set of virtually concatenated
synchronous optical communication signals.

16. The network as claimed in claim 15, wherein the
inverse multiplexing means 1s arranged to 1inverse multiplex
said client data signal into a set of virtually concatenated
synchronous optical communication signals by photonically
switching outgoing virtually concatenated signals between
the plurality of lower bit rate carrier paths in the optical
communication network.

17. The network as claimed 1n claim 15, further compris-
ing builering means for buflering the set of virtually con-
catenated synchronous optical communication signals such
that any difference in transmission times for the individual
signals can be equalized.

18. The network as claimed i1n claim 11, wherein 1t
comprises a first network and a second network for trans-
porting the client data signal, said first and second networks
being operated by a client operator and a carrier network
comprising the plurality of lower bit carrier paths indepen-
dently operated by a carrier network operator.

19. A node for preparing a client data signal to be
transported 1n a plurality of lower bit rate carrier paths across
an optical communication network, the node comprising:

means for receiving said at least one client data signal;

means for segmenting said received client data signal 1nto
a plurality of lower bit rate data signals, each lower bit
rate data signal comprising a portion of payload and a
portion of client overhead of the client data signal, said
segmenting comprising mverse multiplexing said client
data signal into said plurality of lower bit rate data
signals; and

means for attaching to each of said lower bit rate data

signals carrier overhead;
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wherein said means for segmenting and attaching are
arranged to prepare a client data signal for transmission
from a first network of a client operator to a second
network of said client operator across a plurality of
lower bit rate paths of an independently operated
carrier network.

20. A node for recovering a client data signal transported
in a plurality of lower bit rate carrier paths across an optical
communication network, the node comprising:

means for recerving said plurality of lower bit rate data

signals, each lower bit rate data signal comprising a
portion of payload and a portion of client overhead of
the client data signal and having carrier overhead
attached thereto;

means for discarding the carrier overhead from each of

said plurality of lower bit rate signals; and
means for reassembling the plurality of lower bit rate
signals so as to recover the client signal, said reassem-
bling comprising multiplexing said plurality of lower
bit rate data signals to recover said client data signal;

wherein said node for recovering said client data signal
comprises a node 1n a network of a client operator and
1s arranged to receive said client data signal from
another node in another network of said client operator
and wherein said network and said another network are
connected by an independently operated carrier net-
work which comprises the plurality of lower bit rate
paths for transporting said plurality of lower bit rate
signals.

21. A method of transporting a client data signal in a
plurality of lower bit rate carrier paths across an optical
communication network, the method comprising the steps
of:

recerving at least one client data signal;

segmenting said received client data signal into a plurality

of lower bit rate data signals, each lower bit rate data
signal comprising some payload and some client over-
head of the client data signal;

attaching to each of said lower bit rate data signals carrier

overhead;

transmitting the plurality of lower bit rate signals over

said plurality of carrier paths;

discarding the carrier overhead from each of said plurality

of lower bit rate signals; and

reassembling the plurality of lower bit rate signals so as

to recover the client signal;

wherein the method comprises preparing a client data

signal for transmission from a first network of a client
operator to a second network of said client operator
across a plurality of lower bit rate paths of an indepen-
dently operated carrier network.
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